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Perinatal infection with human T-lymphotropic virus type |
(HTLV-I) is considered a risk factor for adult T-cell leukemia
(ATL). Incidence of ATL in Japan is generally higher in males
compared with females, perhaps partly due to an earlier aver-
age age of infection among males. We estimated sex-specific
ATL mortality among perinatally-infected HTLV-I carriers in
the prospective Miyazaki Cohort Study in Japan. Based on the
approximated proportion of perinatally-infected carriers, the
relative risk (RR) of ATL for males compared with females was
calculated. Six ATL deaths (4 males, 2 females) occurred
among the 550 HTLV-I carriers in the cohort during 13 years of
follow-up. The overall ATL mortality was 190.5 (95% CI 51.9-
487.7) per 10° person-years for males and 51.7 (6.3-186.8) per
10° person-years for females (age-standardized RR = 3.9,
$=0.02). By approximating the number of persons who ac-
quired infection perinatally, the estimated mortality among
those perinatally-infected HTLV-l carriers was 209.1
(57.0-535.2) Jper 10° person-years for males and 60.9 (7.4-
219.9) per 10° person-years for females (age-standardized RR =
3.7, p=0.02). The adjusted RR changed minimally from the
unadjusted RR, suggesting that earlier age of infection alone is
unlikely the explanation for the male predominance in ATL.
Based on the small number of cases available for analysis, as-
pects of gender itself appear to play a role in the development
of this malignancy.
© 2001 Wiley-Liss Inc.

Key words: ATL; mortality rate; sex-specific perinatd infection;
HTLV-I

Adult T-cel leukema (ATL) is a malignang of activated
CD4+/CD25+ T-lymphocytescausé by human T-lymphotropic
virus type | (HTLV-I) infection:2 It develops mary decads after
initial HTLV-I infection34 with an estimate lifetime risk of less
than 5% amorg HTLV-1 carriers® The reportel incidene of ATL
in Japa is highe in males than in females>-8 In the population-
basel Miyazak Cohot Study in southen Japan we hawe found
that correlats of risk for ATL amorg HTLV-1 carriers including
provird load levels of detectald mMRNA for tax regulatoy pro-
teins and presene of circulating abnormé lymphocytes are also
highe in males than in females?-11

Perinathinfection appeas to be astroryg risk factar for ATL,12
wherea thoe who hawe acquire infection later in life do not
appeato be at risk for this malignancy Since sexu transmission
of the virus occus predominanyf from male to femalel314 a
large numbe of females than males becoms infected with
HTLV-I in adut life. Thus dired calculatioh of ATL incidene or
mortality rates would include alarge proportian of person-years
of observatio for females who were nat infected perinataly and
consequenyl nat at risk for ATL. This would underestimag the
risk of ATL amorg females HTLV-1 carriers with an overestima-
tion of the male-to-femag ratio with regad to diseas occurrence.
However becaus age of infection is rarely identifiable for indi-
vidud carriers therisk of ATL, aswell asthe differene in risk by
gender amory perinatally-infectd HTLV-1 carries are generally
difficult to assess.

In the presen study, we estimateé the proportion of HTLV-I
carries who acquirel infection prior to adolescenceusing the
observe HTLV-I seroconversio rate within awell-defined study
population Basel on thes estimateswe calculatel the sex-spe-
cific mortality rate and the male-to-femag ratio of ATL among
perinatally-infectd HTLV-I carriers.

MATERIAL AND METHODS
Stud/ subjects

The prospectie Miyazak Cohot Study was establishdin 1984
in 2 HTLV-1 endeme villages in Miyazak Prefecture Japarts
Approximatey 27% of 2,006 cohot membes enrollel as of No-
vembe 1997 were HTLV-| seropositie at baseline The cohort
has been followed for clinical, serologic demograpthd and behav-
ioral datain the context of free healh examinatios offered annu-
ally by the governmenfor thos aged 40 yeass or older. For our
study, younge villagers may also attend Informed conseh was
obtainal from all study participants The study protocd was ap-
proved by the institutiond review board of the Harvad Schod of
Public Healh and the Miyazak Medicd College Annud screens
consis of a physicd examination othe routine healh examina-
tions and blood tests Public healh nurses monitar the mortality
and changsin residene amoryg the population Deatrs from ATL
are identified throudh monitoring and confirmel by medical
records or repors from the locd public healh nurses The present
analyss includes atotd of 550 HTLV-I carries in the Miyazaki
Cohot Study including 24 subjecs who seroconverte sinae the
study enrollmen and 526 prevalen HTLV-| positive subjects.

Statistica analysis

Totd person-yearof observatio were calculatel from the date
of a subjects first healh examinatim when s/he was HTLV-I
positive to the dak of death loss to follow-up or lag censs of
vital statis (Jure 1997) whicheve cane first. The overal mortal-
ity rate was calculatel as the observel numbe of ATL deaths
divided by the totd person-yea of observationExad 95% con-
fidene intervak (Cls) were obtained assumig a Poissa distri-
bution for the numbe of ATL deatls in the cohort The relative
risk (RR) of ATL mortality for males compare with females was
calculatel as the ratio of the age-standardizk mortality rates,
taking the age distribution of the entire cohott populatian as the
standard The p-value for the RR was calculatel using the exact
binomid distribution.

Although the age-relatd increag in the HTLV- | seroprevalence
may in part be due to acohot effect!3 it isimpossibé to separate
the magnituct of an effed related to perinatd transmissia from
one relatal to sexud transmissionIn orde to avoid inaccurate
modelirg assumptios with regad to a possibé cohot effect we
employael the following approachThe proportian of subjecs who
had acquirel HTLV-1 infection perinataly was derived indirectly
by using the observe seroconversio rates within the HTLV-I
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negatives in the study cohort, which were 2.0 and 6.0 per 1,000)’M3CL)EF I/IAD—UTL?ETCCFELEEEL EA&DEGg%%gﬁﬁglﬁﬂ%ﬁgﬁﬂvﬁﬁ{?r (RR)
person-years between the ages of 50 and 69 years for males and ™ carrIERS AND PERINATALLY-INFECTED HTLV-I CARRIERS

females, respectively, and zero among those aged 70 years or IN THE MIYAZAKI COHORT STUDY
older. A pattern of parallel increase in sex-specific HTLV-I sero- MR (95% Cl) [per 16 Crude RR Age-standardized RR
prevalence in this cohdft suggests that the seroconversion rates person-years] (p-value) (p-value)

were similar for both sexes between the ages of 20 and 50 year::,ﬁll HTLV-I carriers
Thus, the rate of 2.0 per 1,000 person-years was assumed for bo Males 190.5 (51.9-487.7) 3.7 (0.02) 3.9(0.02)
men and women in these age groups, in which no seroconversions pemales ~ 51.7 (6.3-186.8) 1.0 1.0
were observed during study follow-up (Table I). Based on the perinatally-infected HTLV-I carriers
cultural and social mores of this older Japanese population, post- Males 209.1 (57.0-535.2) 3.4 (0.03) 3.7 (0.02)
perinatal infection among those under age 20 years was thoughtto Females  60.9 (7.4-219.9) 1.0 1.0
have been minimal. Using these seroconversion rates, we esti- . . ) .
mated the number of HTLV-I seroconversions occurring after ageMR: mortality rate; Cl, confidence interval.
20 years among the 526 prevalent HTLV-I carriers prior to their
entering the cohort study (Table I). The proportion of perinatally- ) . )
infected HTLV-I carriers was then derived for each gender by tigssumed to be perinatally-infected are 10% higher for males and
difference between the number of prevalent HTLV-I carriers ankB% higher for females, compared with the overall rate based on
the expected number of seroconversions, divided by the numbe@§fHTLV-I carriers. The age-standardized RR among perinatally-
prevalent HTLV-I carriers (91% for males, 85% for females for alinfected HTLV-I carriers was 3.7 for males compared with females
age groups taken together). The adjusted person-years attribut4Bfe0-02) (Table 1i).
to perinatal infection was calculated by multiplying these propor- Because an underestimation of the seroconversion rate among
tions by the total person-years of observation among the prevalgntinger females would have resulted in an overestimation of the
carriers. The adjusted mortality rate, that is, the mortality ragender ratio, we repeated the calculations using higher serocon-
among presumed perinatally-infected HTLV-I carriers, was theersion rates. In a scenario where the HTLV-I seroconversion rate
ratio of the number of ATL deaths and the adjusted person-yeangs assumed to be as high as 6.0 per 1,000 person-years among
women throughout their reproductive years (age groups 20-29,
30-39 and 40-49 years), the estimated proportion of female
HTLV-I carriers who acquired infection perinatally would have
Four males (6483 years old) and two females (69 and 77 yearsen 75%, yielding a male-to-female ratio of 3¢3=0.03).
old) died from ATL during study follow-up through June 1997. Eyclusion from the analysis of a male case whose ATL diag-
Details of these cases are described elsewtfeFbe total person- posjs antedated his enroliment into the study yielded a mortality
years of observation accumulated by the 550 HTLV-I carriergate of 142.9 (29.5-417.7) and 156.8 (32.4—458.4) pepeson-
including 24 persons who seroconverted during the follow-Upears for males, without and with adjustment for perinatal infec-
were 2,099.5 for males and 3,865.7 for females. The crude mggn, respectively. This exclusion resulted in a somewhat lower RR
tality rate of ATL was 190.5 (95% ClI 51.9-487.7) per~10¢f 2.8 (p=0.12) for males compared with females, based on overall

person-years for males and 51.7 (6.3-186.8) pémpi@son-years mortality rates, and 2.6&0.14), based on mortality rates adjusted
for females. The age-standardized RR was 3.9 for males relativeidp perinatal infection.

females p=0.02) (Table II).
The adjusted ATL mortality rate, based on person-years of
observation attributable to perinatal transmission (1,913.3 for DISCUSSION
males, 3,282.9 for females), was 209.1 (57.0-535.2) and 60.9The age of initial HTLV-I infection is postulated to be a crucial
(7.4-219.9) per 10person-years for males and females, respegeterminant of the risk of ATIZ:17 If this hypothesis is true, the
tively. Thus, the rates among those HTLV-I carriers who wergRTL risk among lifetime carriers of the virus may be higher than
that among those who seroconverted later in life. In the present

analysis, we calculated the rate of ATL death within a well-defined
TABLE | — PERSON-YEARS AT RISK FOR SEROCONVERSION PRIOR TO

RESULTS

STUDY ENROLLMENT, ESTIMATED SEROCONVERSION Japanese population with endemic levels of HTLV-I infection. We
RATES AND EXPECTED NUMBER OF SEROCONVERSIONS AMONG used the mortality rate in lieu of the incidence rate since the precise
32 PR A S R R e AT ! COHORT date of disease onset was unknown for some ATL cases. Because
Seroconversion rate  Expected number of m?5t|otf éhe Agrlftycastes dle?d Yyllﬂ}m a yeay O{ d:ﬁgrlos'lgy the
At risk ! calculated mortality rate would likely approximate the incidence
Age 66219) - person-years Ul’%%%rps?rson *Since g\éegsz'%ns rate of the malignancy in this cohort.yThgpoverall mortality rates in
the present study are comparable to the ATL incidence rates
g"o"ﬂgz 1.906.6 20 3.8 reported in other Japanese studid?
30-39 1.871.0 20 37 We observed an overall 4-fold increase in the mortality from
40-49 1,717.8 2.0 3.4 ATL for males relative to females. Other population-based studies
50-59 1,248.0 2.0 25 and case series in Japan also have found a male predominance in
60-69 633.8 2.0 13 ATL incidence but with lower RRs ranging from 1.7 to 2.6.
70-79 245.9 0.0 0.0 However, the reported gender ratio from the nationwide Japanese
80+ 316 0.0 0.0 surveillance data for those aged 55 years or older appears to be
2 (Males) 7,656.7 14.7 higher than the ratio for those aged younger than 55 yea#$ old
Females and is comparable to the ratio estimated in the present study. Thus,
20-29 3,332.0 20 6.7 the higher RR for males observed in our analysis is likely ex-
30-39 3,263.2 2.0 6.5 plained by the older average age of HTLV-I carriers in the
40-49 3,014.0 2.0 6.0 Miyazaki cohort, in which limited data are available for those
50-59 2,344.6 6.0 14.1 under age 40 years. Although an overestimation of the male-to-
60-69 1,265.2 6.0 7.6 female ratio in the present study could have resulted from missed
70-79 423.5 0.0 0.0 ATL diagnoses among those who were lost to follow-up, only 4%
go(Jlr:emales) 132%25 0.0 %)9 of all HTLV-I carriers were lost during the entire study period,
i : which minimized the likelihood of substantial bias due to this

3Estimated by multiplication of age-specific seroconversion ratégechanism. Moreover, there was no reason to expect that the loss
and person-years at risk prior to study enroliment. to follow-up was differential by gender with regard to ATL de-
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velopment, nor was there any reason to believe that there wasage of infectiort1-22While the Jamaican studies utilized historical
sex-specific diagnosis bias. population census data to estimate the HTLV-I seroprevalence and the
A male predominance of ATL incidence has been a matter @mount of person-years attributable to early infection (younger than
debate because of the possibility of confounding by age of infe€0 years), our study estimated the person-years attributable to peri-
tion. In our analysis, the estimated ATL mortality rates adjuste@ftal infection using the observed HTLV-I seroconversion rates from
for early life infection were 10% and 18% higher for men andVlthln the study COhort._OUr calculations indicated that the prO_pOl't!Oﬂ
women, respectively, than the overall sex-specific rates for &f female HTLV-I carriers who could have acquired infection in
HTLV-I carriers. A significant increase in the male-to-female rati@dulthood would not have exceeded 25%, yielding a 3-fold RR of
even after adjustment for perinatal infection suggests that eafifL for males. The lack of an obvious male predominance in ATL
infection alone does not entirely explain the gender difference #cidence in Jamaica may be due, at leastin part, to differences in host
ATL incidence. In a recent article, Arisawa etsatave reported a Characteristics and other co-factors.
significant 2-fold increase in risk of ATL for males compared with In conclusion, the results of the present analysis support a higher
females after accounting for differences in sex-specific HTLV4isk of ATL among older male HTLV-I carriers in Japan. A
seroprevalence. While adjustment of at-risk person-years may tigtitation of our study is the small number of cases, although to
have been exact in either study, these observations together su- knowledge this is one of the first to report sex-specific ATL
port the contention that being male may be an independent rislortality associated with perinatal infection in Japan. While some
factor for ATL in Japan. modeling assumptions may not be entirely correct, the use of
The observed male predominance in ATL incidence is algpserved seroconversion rates and careful sensitivity analysis pro-
consistent with our previous findings of a higher level of provirafided us with a possible range for the mortality rate ratio. Our
load, mRNA for tax and circulating abnormal lymphocytes, threndings suggest that early life infection may explain only a part of
important correlates of HTLV-I pathogenesis’ in males fe- the O_bser\_/ed gender dlffel’ence. |nVeSt|gat|0n of the .hOSt charac-
males?-11 In contrast, Etoh et & found no gender difference in teristics with respect to immune response to HTLV-I in the Japa-
proviral load among HTLV-I-positive, Japanese blood donor§ese population in comparison with those in Jamaica may be
Selective enrollment of older subjects into our cohort study, as$eful in order to understand the biologic role of gender in the

compared with relatively young subjects in the blood donor studpathogenesis of HTLV-I.
may have contributed to the discrepancy in the results. Evaluation
of the association of HTLV-I proviral load with age would be
useful in order to resolve this issue.

The present finding does contrast with a lack of gender effect onThe authors are indebted to Yuriko Kuwabara for preparing data
ATL incidence among HTLV-I carriers in Jamaica, after adjustmerior analysis.
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